Abstract. We study, by means of the model proposed in Del Popolo (2009), the effect of baryon physics on the small scale problems of the CDM model. We show that, using this model, the cusp/core problem, the missing satellite problem (MSP), the Too Big to Fail (TBTF) problem, and the angular momentum catastrophe can be reconciled with observations. Concerning the cusp/core problem, the interaction among dark matter (DM) and baryonic clumps of 1% the mass of the halo, through dynamical friction (DF), is able to flatten the inner cusp of the density profiles. We moreover assume that haloes form primarily through quiescent accretion, in agreement with the spherical collapse model (SCM)-secondary infall model (SIM) prescriptions. The results of this paper follow from the two assumptions above. Concerning the MSP and TBTF problem, applying to the Via Lactea II (VL2) subhaloes a series of corrections similar to those of Brooks et al. (2013) , namely applying a Zolotov et al. (2012)-like correction obtained with our model, and further correcting for the UV heating and tidal stripping, we obtain that the number of massive, luminous satellites is in agreement with the number observed in the MW. The model also produces an angular momentum distribution in agreement with observations, that is with the distribution of the angular spin parameter and angular momentum of the dwarfs studied by van den Bosch, Burkert, & Swaters (2001) . In conclusion, the small scale problems of the CDM model can all be solved by introducing baryon physics.
Introduction
Despite the ΛCDM model being highly successful in describing the observations of the Universe, its large scale structure and evolution (Spergel et al. 2003 , Komatsu et al. 2011; Del Popolo 2007 , 2014 , it has some problems in describing structures at small scales (e.g., 1 . The main problems are the a) cusp/core problem (Moore 1994; Flores & Primak 1994) , namely the discrepancy between the flat density profiles of dwarf galaxies and LSBs and the cuspy profile predicted by dissipationless N-body simulations (Navarro, Frenk & White 1996 ; Navarro 2010); b) the "missing satellite problem" (MSP), namely the discrepancy between the number of predicted subhalos in Nbody simulations (Moore et al. 1999 ) and the one observed 2 ; c) the angular momentum catastrophe (van den Bosch, Burkert,& Swaters, 2001 (VBS)) namely the angular momentum loss in Smooth Particle Hydrodynamics (SPH) simulations of galaxy formation, giving rise to disks (of dwarf galaxies) having angular momentum distributions different than those of cold dark matter haloes, and disc size of simulated galaxies much smaller than the real ones.
Concerning the Cusp/Core problem, numerical simulations predict an inner cuspy profile, with inner slope ρ ∝ r α , with α = −1, from dwarf galaxies to clusters of galaxies, in the case of the Navarro, Frenk, & White (1996 Navarro et al. 2010) , it was shown that a better fit to density profiles is the Einasto profile, characterized by a profile that flattens (becomes shallower) going to the center, until values of α ≃ 0.8 at 120 pc (Stadel et al. 2009 ). The previously quoted smallest value for the slope obtained in simulations is larger than that in observations, which usually show flat or almost flat galaxy inner density profiles (Burkert 1995 The cusp/core problem, initially noticed in galaxies, is a problem also present in clusters of galaxies. The studies by Sand et al. (2004) , and more recently those of Newman et al. (2009, 2011, 2013) , found flat inner density profiles in the case of several clusters. Several solutions to the problem have been proposed (see de Blok 2010 for a review).
The solutions to the cusp/core problem can be distinguished (similarly to the solutions to other small scale problems) into cosmological and astrophysical solutions. Cosmological solutions are based on modifying the power spectrum at small scales (e.g. Zentner . Otherwise, modified gravity theories, like f (R) (Buchdal 1970; Starobinsky 1980) , f (T ) (see Ferraro 2012) , and MOND (Milgrom 1983a,b) , can solve the problem.
The astrophysical solutions are based on the idea that some "heating" mechanism produces an expansion of the DM component of the galaxy, reducing the inner density. In this group, the main categories are: "supernova-driven flattening" (Navarro et Concerning the second problem of the ΛCDM model, the MSP, Klypin et al. (1999) , and Moore et al. (1999) noticed that numerical simulations predicted much more subhaloes in galactic and cluster haloes. The number of satellites having circular velocities larger than Ursa-Minor and Draco were ≃ 500, while as it is well known the MW dSphs are much less (9 bright dSphs (Boylan-Kolchin, Bullock, and Kaplinghat 2012), Sagittarius, the LMC and the SMC). Subsequent cosmological simulations confirmed the problem (Aquarius, VL2, and GHALO simulations (Springel et The MSP recently has shown another feature, while analyzing the Aquarius and the Via Lactea simulations. Simulated haloes have ≃ 10 (Boylan-Kolchin, Kaplinghat 2011, 2012) subhaloes too massive and dense to host MW brightest satellites. While ΛCDM simulations predict at least 10 subhaloes having V max > 25 km/s, the dSphs of the MW all have 12 < V max < 25 km/s, implying a discrepancy among simulations and the dynamics of the MW brightest dSphs (Boylan-Kolchin, Kaplinghat 2011, 2012) . This feature of the MSP problem has been dubbed the Too-Big-To-fail (TBTF) problem 3 .
Also in this case, two main classes of solutions have been proposed: cosmological and astrophysical. Similarly to the case of the cusp/core problem, cosmological solutions are based on modification of the spectrum of perturbations or of the particles constituting dark matter. Astrophysical solutions are connected to baryon physics, and consider: a) the change of shape of satellites from cuspy to cored (Z12); Brooks et al. 2013 (B13)), which makes the satellites more subject to tidal stripping effects and even subject to being destroyed (Strigari et al. 2007; Peñarrubia et al. 2010) . In this picture, the present-day dwarf galaxies could have been more massive in the past, and they were transformed and reduced to their present "status" by strong tidal stripping (e.g., ). b) Suppression of star formation due to supernova feedback (SF), photoionization (Okamoto et al. 2008 ; B13), and reionization. In particular, reionization can prevent the acquisition of gas by DM haloes of small mass, then "quenching" star formation after z ≃ 10 (Bullock, Kravtsov, & Weinberg 2000; Ricotti & Gnedin 2005; Moore et al. 2006 ). This would suppress dwarfs formation or could make them invisible; c) effects of a baryonic disc (Z12; B13). Disc shocking to the satellites passing through the disk produce strong tidal effects on satellites, stronger if the satellite has a cored inner profile.
In the case of the TBTF problem other solutions have been proposed. The excess of massive subhalos in MW could disappear if satellites density profiles are modeled through Einasto's profiles, or if the MW's virial mass is ≃ 8×10 11 M ⊙ instead of ≃ 10 12 M ⊙ (Vera-Ciro et al. 2012; Di Cintio et al. 2013).
The last problem is the "angular momentum catastrophe". SPH simulations of galaxies show that the angular momentum of baryons is not conserved in the collapse, with the result that baryons have just 10% of the angular momentum typical of real galaxies and that disks are too small in comparison with real disks (Navarro & Benz 1991; Navarro & Steinmetz 1997; Sommer-Larsen, Gelato, Vedel, 1999; Navarro & Steinmetz 2000) . This problem is usually indicated with the name of "angular momentum catastrophe". Moreover, also the specific angular momentum distribution obtained in Nbody simulations disagrees with observations (mismatch of the specific angular momentum profile).
The angular momentum catastrophe has been often connected to the over-cooling problem in CDM models (e.g., White & Reese, 1978; White & Frenk 1991) . In absence of feedback effects heating the gas (e.g., UV background reionization, ram pressure, tidal heating), the gas contracts forming small haloes and then collapses towards the center of the system loosing all angular momentum which is transferred by dynamical friction to the DM halo (Navarro & Steinmetz 2000) . Taking into account some form of feedback, like energy feedback from supernova, reduces the problem (e.g., Sommer-Larsen, Gelato, Vedel, 1999). However, even if feedback can avoid the loss of angular momentum other problems remain, like the mismatch of the angular momentum profiles (e.g., VBS), or the fact that the scatter of the logarithm of the spin parameter of real galaxies is smaller than that in simulations (de Jong & Lacey 2000).
Maller & Dekel (2002) proposed a model in which the DM distribution is different from that of gas, due to gas processes. In this model, SF removes gas from small incoming haloes (giving rise to the low angular momentum component of the system) eliminating baryons with low specific angular momentum (see also Sommer-Larsen et al. 2003; Abadi et al. 2004 ).
However, feedback models even in the absence of substructures, and then DF, have problems in forming bulgeless galaxies (van den Bosch et al, 2002), unless there exists "selective outflows" of low angular momentum gas (D'Onghia & Burkert 2004). Recently, Governato et al. (2010) showed that outflows from supernovae explosions, removing gas with low angular momentum produces bulge-less galaxies, with a baryonic angular momentum distribution close to that of the galaxies stellar disc, and also flat galaxy density profiles.
The previous discussion shows that the small scale problems can be solved appropriately taking into account the baryon physics. A trial to find a unifying baryon solutions to the small scale problems is that of Z12, and B13. The quoted papers use the idea of Governato et al. (2010) . Z12 showed that the same model can solve the TBTF. Z12 found a correction to the velocity in the central kpc of galaxies to mimic the flattening of the cusp due to SF, and the enhancement of tidal stripping produced by a baryonic disc. This correction together with destruction effects produced by the tidal field of the baryonic disc, and the identification of subhaloes that remain dark because of inefficiency in forming stars due to UV heating, were applied by B13 to the VL2 subhaloes of the VL2 simulation . As a result the number of massive subhaloes in the VL2 were in agreement with the number of satellites of MW and M31.
In the present paper, we study if the cusp/core problem, the angular momentum catastrophe, the MSP, and the TBTF problem can be simultaneously solved using baryon physics, through the model of Del Popolo (2009).
The paper is organized as follows. In Sect. 2, we summarize the model. Sect. 3 describes the results and discussion. Sect. 4 is devoted to conclusions.
Model
The model used in the following was already described in Del Popolo (2009), and Del Popolo (2012a, b) (DP12a, DP12b). Here, we give a summary.
The model discussed in DP09, DP12a, b, is an improvement to the spherical infall models (SIM) already discussed by several authors ( ), in our model the previous effects (adiabatic contraction, dynamical friction, random angular momentum), and others (ordered angular momentum, gas cooling, star formation (see the following)) are all simultaneously taken into account.
As already reported, Gunn & Gott (1972) studied the self-similar collapse in an expanding universe, until "shell crossing" 5 . The evolution after "shell crossing" was studied by Gunn (1977) .
In the SIM, a spherical perturbation is divided into spherical shells and its evolution followed in time. Since the initial density is larger than the critical one, each particle's trajectory oscillate through the center of symmetry. If x i is the initial comoving radius, each shell, and the particles in it, will expand to a maximum radius, x(t, M i ), dubbed apapsis, different for each shell. The first apapsis passage is named turn-around, radius, x ta , or x m . After turn-around and collapse, the trajectory oscillates through the symmetry center, shell crossing starts and the mass interior to a shell is no longer constant, together with the energy. In order to handle the effect of shell-crossing and make the problem analytically tractable an adiabatic invariant is introduced (Gunn 1977) . Gunn (1977) arrived to the conclusion of such an adiabatic invariant observing that the ratio of apapsis distance to the current turn-around distance decreases with time, and so does the ratio of the period of oscillation to the time scale for halo evolution (Fillmore & Goldreich 1984) . In other words, the central shells make many oscillations before there are significant changes of the potential (Gunn 1977; Fillmore & Goldreich 1984) , and the action variables 6 associated with the particle's motion, in a potential which slowly varies, are invariant. Concerning the "goodness" of the assumption indirect proofs are the good agreement between the results of high-resolution numerical simulations and those of the SIM (e.g., Ascasibar et al. 2007) .
One initially calculates the density profile at turn-around, ρ ta (x m ), (Peebles 1980; White & Zaritsky 1992; Hoffman & Shaham 1985) , assuming mass conservation and no "shellcrossing". Then after shells start to cross, the final density profile is obtained assuming that the central potential varies adiabatically (Gunn 1977 , Fillmore & Goldreich 1984 , leading to
where f (x i ) = x/x m is the collapse factor, and the turn-around radius of a shell, x m , is a monotonic increasing function of x i , given by
2) being δ i the density excess inside the shell (see Appendix A of DP09).
In our model, we consider systems with DM and baryons. The way in which they were introduced, and how we fixed their distribution in our study was discussed in Appendix E of DP09.
In the case of the dwarfs of VBS, the baryonic fraction was calculated by means of their data. In the case of the other objects for which we do not have direct measures the baryon fraction was fixed as in McGaugh et al. (2010) . We want to stress that we did not posit two different class of objects, and the baryonic fraction obtained by VBS (see their table 2 The detected baryonic fraction, f d , is given by
where F b = M b /M 500 is the baryonic fraction, and f b = 0.17 ± 0.01 (Komatsu et al. 2009 ) is the universal baryon fraction. The virial masses, M vir , are converted to M 500 using the method used in White (2001), Hu & Kravtsov (2003) , and Lukic et al. (2009) . In the case of the VBS dwarfs, the baryonic fraction was calculated by summing the disc mass, M disc and the gas mass, M gas , by them calculated and by the previous mass for the virial mass, M vir , estimated from their data (and converted to M 500 ) 7 .
During the evolution of the perturbation and its collapse, a random angular momentum j(r, ν) rand , is generated by random velocities (Ryden & Gunn 1987) . Usually, in the SIM 6 The radial action variables is given by Jr = 2π r b ra (dr/dt)dr, and the angular action is the angular momentum.
7 Usually structures are labeled by the their density contrast with respect to the critical density, ρc. The mass in a given radius encompassing the overdensity ∆ is given by 8 . A more detailed analysis shows that particle orbits tend to become more radial when they move to the turn-around radius, and moreover eccentricity depends from the dynamical state of the system, so that The total specific angular momentum, h(r, ν), is obtained by integrating the tidal torques, τ (r), over time (e.g., Ryden 1988, Eq. 35). It is common to express the total angular momentum in terms of the spin parameter, previously described. If the system is constituted of DM and baryons, the DM, and baryonic spin parameter is given by
7)
M gas(DM ) being the gas(DM) mass inside, r vir , the virial radius, and L gas(DM ) is the angular momentum of gas(DM). The λ parameter distribution is well described by a lognormal distribution (e.g. Vivitska et al. 2002) . The way dynamical friction is taken into account is described in Appendix D of DP09, and its effects on structure formation is calculated, as in DP09, by introducing the dynamical friction force in the equation of motion (Eq. A14 of DP09). Since dynamical friction is an important component of the model, we summarize here the model. To start with, in hierarchical models of structure formation the cosmic environment is a collisionless medium with a hierarchy of density fluctuations. Matter is organized in lumps which are part of larger groups, in a hierarchy. The gravitational field of such a system is composed of an average field, originating from the "smoothed out" distribution of mass, and a stochastic field generated from the local inhomogeneities. This last component of the field can be described through a probability density W (F stoch ) (Chandrasekhar & von Newman 1942; Kandrup 1989 ; Antonuccio-Delogu & Atrio-Barandela 1992), where F stoch is the stochastic force. A body of mass M (e.g., galaxy) moving through a cloud of smaller lighter bodies, of mass m (substructure), distributed homogeneously and isotropically is slowed down due to the so called "dynamical friction" force. A formula often used to describe this force is the Chandrasekhar's formula (Chandrasekhar 1943) , and a more general treatment is that of Kandrup(1980) . In the last case the force per unit mass is given by
being µ the coefficient of dynamical friction, T (F ) the average duration of an impulse of the stochastic force, < v 2 > the typical velocity of a field particle. In the case of a homogeneous system, and using the virial theorem, Eq. (2.8) can be re-written as
being n ac the field particles comoving number density, N the number of field particles in the system, and a the expansion parameter. In order to calculate the dynamical friction force it is necessary to know the number and distribution of field particles (substructure). As already reported, in the ΛCDM model structure forms in a hierarchical bottom-up way. Halos contain subhalos, and the last contains sub-subhalos (e.g., VL2 simulation). The subhalos cumulative mass function can be approximated as A fundamental "recipe" in galaxy formation is adiabatic contraction (AC) of DM haloes, produced by the baryons condensation in the proto-structures centers. AC produces a steepening of the DM density profile (Blumenthal et al. 1986; Gnedin et al. 2004; Gustafson et al. 2006 ), when baryons cool dissipatively and collapse to the proto-structure center, giving rise to a final baryonic mass distribution M b (r) = M * + M gas , where M gas is the gas mass and M * is that of stars. Dark matter particles initially located at radius r i will move to a new radius r < r i , characterized by (Ryden 1988; Flores et al. 1993 ) 10) where M dm is the final distribution of DM halo particles, and M i (r i ) the initial total mass distribution, and M b , as reported, the final baryonic mass distribution. If the halo particles orbits do not cross, we have where T r is the radial period 12 .
The previous model does not contemplate exchange of angular momentum among baryons and DM. This is a good approximation in the early phase of the structure formation, when baryons have a density an order of magnitude smaller than that of DM, but later, when baryons density increase because of the collapse, the approximation is no longer valid. Baryons density increase acts as a coupling process of DM and baryons (Klypin et Similarly to other semi-analytical models, following the philosophy of the White & Rees (1978) and White & Frenk (1991) works, we include other important physical processes such as gas cooling, and star formation (see the following).
The structure formation in our model can be summarized as follows. The galaxy formation starts with the proto-structure in its linear phase, containing DM and gas. In our model the baryons are initially in the form of a diffuse gas, with the previously quoted baryonic fraction. In order to follow the structure formation, we divide the proto-structure into mass shells, made of DM and baryons. The proto-structure evolution is followed in the expansion phase, until turn-around, and in the following collapse by means of the SIM. As is known, DM collapse earlier than baryons to form the potential wells in which baryons fall, and are subject to radiative processes with the formation of clumps, which collapse to the halo center condensing into stars, as described in Li et al. (2010) (2008), respectively. During the baryons infall phase, DM is compressed (AC). At this epoch the density profile of the proto-structure steepens. In their travel towards the center, baryons clumps are subject to DF from the less massive DM particles. This produces a predominant motion of DM particles outwards. The effect of the previous mechanism is amplified by the angular momentum acquired by the proto-structure through tidal torques (ordered angular momentum), and by random angular momentum. The cuspy profile is flattened to a cored one.
Before going on, we would like to spend some words on the reasons the model used here is valuable (a deeper discussion on this issue can be found in DP09, and DP12a). Nowadays, structure formation is mainly studied through numerical simulations. Their strength is the ability to entrap to a large extent the complexity of non-linear processes. This is also their point of weakness because it is complicated to un-knot and interpret the dynamical processes they take into account in terms of the implicit physics. In this respect, semi-analytic models are much more flexible than simulations, making it possible to separate the effects of physical processes. Structure formation in simulations develops by the aggregation and merging of subclumps of matter, while in models like the SIM, haloes are spherically symmetric, they do not suffer major mergers, and accretion happens in a quiescent way. Nevertheless, the SIM describes properly structure formation. A paper of Zaroubi et al. (1996) , showed that in energy space the collapse happens in a gentle way, very different from the chaotic collapse seen in N-body simulations. Several following papers converged on this point (Toth & Ostriker 1992 ; Moore et al. 1999; Huss et al. 1999a, b) . Moreover, the commonness of spiral galaxies, with their thin, and fragile discs testify against the primary role of major mergers in their formation (e.g., Toth & Ostriker 1992 ). This point of view is confirmed by recent simulations that showed that at high redshift disc galaxies form through smooth accretion (Dekel et al. 2009 ). Moreover, several studies compared the SIMs results against high-resolution numerical simulations (e.g., Ascasibar et al. 2004 Ascasibar et al. , 2007 , and showed that density profiles obtained by the SIM are in good agreement with N-body simulations. Furthermore, particle discreteness effects in dissipationless N-body simulations has been long debated (see Romeo et al. 2008) , and even if nowadays these effects are "under control (see Diemand et al. 2004 ) the quoted simulations do not incorporate baryons. Also SPH simulations are not devoid from problems. A recent paper of Marinacci et al.(2013) shows that the high resolution SPH simulations of the formation of spiral galaxies have several drawbacks, starting from a not clear understanding of the details of the physics, to modeling and numerics involved in those calculations. Consequently alternative approaches (e.g., the SIM) may assume an important role.
Our model, is able to deal with the baryonic processes shaping the inner structure of clusters (and galaxies). It was able to predict in advance of SPH simulations (e.g., Governato et al. 2010 Governato et al. , 2012 Martizzi et al. 2012 ) the correct shape of the density profiles of clusters (DP12a) and galaxies (DP09; Del Popolo & Kroupa 2009; DP12b), and correlations among several quantities in clusters of galaxies (DP12a) later observed in Newman et al. (2013a,b) . The model also predicts correctly that the inner slope of the density profiles depends on the halo mass (DP10, DP11), later seen in the SPH simulations of Di Cintio et al. (2013, 2014 ).
Results and discussion
As discussed in the Introduction, the small scale problems of the ΛCDM model can be solved using cosmological or astrophysical solutions. The astrophysical solutions based on the role of baryons in structure formation, are more easy to constrain than cosmological solutions, and moreover do not request one to reject the ΛCDM paradigm for a new one.
In this section, we show how the model previously discussed changes the density profile, the angular momentum distribution in galaxies, and the galactic subhaloes distribution and characteristics. As done in previous papers, DP09, DP12a, DP12b, we will study the evolu- tion of protostructures from the linear phase until they form structures with galactic mass, and then we calculate their density profiles, and the DM and baryon angular momentum distribution. Then we find, similarly to Z12, an analytical correction to apply to the center of the haloes which mimics the effect of flattening of the cusp, and finally similarly to B13, we apply the previous correction together with the tidal destruction and UV heating effects on subhaloes, to the VL2, as done by B13.
Cusp/core problem
We start with the Cusp/core problem. In Fig. 1a , we plot the density profile of a galaxy with M = 10 8 M ⊙ (dashed line), 10 9 M ⊙ (dotted line), and M = 10 10 M ⊙ . The specific angular momentum was chosen similar to one of the VBS galaxies, namely UGC 6446, to be having h ≃ 400 kpc km /s (λ ≃ 0.05), and the baryon fraction (see Sec. 2) is f d ≃ 0.04. The final density profile is well described by a Burkert profile
being r 0 and ρ 0 , the scale radius, and the central density, respectively. A comparison of the density profiles produced by the model with the Governato et al. (2012) result, showing a good agreement with SPH simulations, was carried out in DP12a.
As Fig. 1b shows, the density profile shape is dependent on mass. The slight steepening of the density profile with mass was explained in DP09, DP10, DP12a. In summary, objects less massive originate from a smaller peak height ν. Since, the specific ordered (h), and random (j rand ), angular momentum acquired by the protostructure are anticorrelated with ν, smaller objects acquire larger angular momentum. "Particles" of the protostructure having larger angular momentum, will remain for a longer time close to maximum radius, giving rise to shallower profiles (see also Williams et al. 2004 ). As described in DP12a,b, there exists a correlation between the angular momentum acquired by the structure, the baryon content of the structure, and the shape of the density profile. Then the larger is the angular momentum acquired by the galaxy, the flatter is the density profile (see also DP09; DP12a). The steepening of the density profile with mass is in agreement with density profiles of THINGS galaxies (de Blok et al. 2008). de Blok et al. (2008) found that brighter, and larger galaxies, with M B < −19 have density profiles well described both from cored and cuspy profiles, while cored profiles are preferred for less bright, and less massive galaxies, with M B > −19. Fig. 1b , shows the evolution of a 10 9 M ⊙ halo starting from the redshift of virialization z = 10 (solid line). The density profile at z = 3, 2, 1, and 0, is represented by the long-dashed line, short-dashed line, dot-dashed line, and dotted-line, respectively. The proto-structure and profile evolution was summarized in the final part of Sect. 2. After virialization the density profile evolution is due to secondary infall, two-body relaxation, interplay between DM and baryons. As shown in Fig. 1b, We hinted to the role of angular momentum on the density profiles shapes. Another quantity on which the model depends is the "magnitude" of dynamical friction. The dynamical friction force can be written (see Eq, D5 in DP09) as
where µ is the coefficient of dynamical friction. The effect of changing this quantity is similar to changing the magnitude of the angular momentum. Namely, increasing µ gives rise to shallower profiles. In Fig. 2 , we plot how the density profiles change when h, and µ are changed. Fig. 2a plots the density profiles in Fig. 1a when h is increased to 2h, leaving µ unchanged. In Fig.  2b h is decreased to h/2. As already reported, the increase in the magnitude of the angular momentum flattens the profile, and its decrease produces a steepening of the profile. In Fig.  2c , the value of µ is increased to 2µ, and in Fig. 2d it is reduced to µ/2, leaving unchanged the angular momentum. As already reported, the effect of dynamical friction is similar to that of angular momentum, but its effect is slightly lower.
Angular momentum catastrophe
In the following, we study the angular momentum distribution (AMD) of the structure obtained with the method described in Sect. 2 and compare it with that obtained by VBS using 14 dwarfs. Before, we recall some theoretical background.
A virialized halo made of baryonic matter and DM of virial mass M vir has a total specific angular momentum (SAM), j tot = L tot /M 13 , L being the angular momentum, proportional to the maximum SAM, j max , and the normalized cumulative distribution, m(j)
where k = j/j max , and
p(j)dj being the mass fraction having SAM in the j-j + dj range. A quantity often used to express the angular momentum, L of a structure, is the spin parameter
(Peebles 1969), where E indicates the system internal energy. For practicality reasons, the previous spin parameter definition is substituted by
where V vir = GM vir /r vir , and r vir is the virial radius. For a NFW profile, λ ′ = λ/ √ f c , and f c is a function of the concentration parameter c vir (Mo et al. 1998 ). As shown by Bullock et al. (2000) , the AMD is well described by
Bullock et al. (2000) showed that for a ΛCDM Universe with σ 8 = 1.0, h = 0.7, Ω m = 0.3, Ω Λ = 0.7, µ has a Gaussian distribution in log(µ − 1) 14 . The probability distribution corresponding to Eq. (3.7) is given by
where t = j/j tot , and ξ is the ratio of the total and maximum SAM,
Going back to VBS, in their study they fitted the rotation curves of 14 dwarfs (previously studied by VBS), assuming that the galaxies are constituted by a NFW dark halo, a thin gas disc, and a thick stellar disc. They obtained the concentration parameter, c vir , the virial velocity, V vir , f disc = M disc /M vir , and f gas = M gas /M vir . The SAM distribution was obtained through m(j) = M disc (r)/M disc (r max ), where j = rV c (r). By means of Eq. (3.3) they got j tot for each galaxy and from this the disc spin parameter
Finally, they compared the histograms of λ disc distribution for the quoted galaxies with the λ distribution of DM haloes (that they found agreement, in contrast with Maller & Dekel 2002, Governato et al. 2010) , and the j distribution, p(t), that was compared to the DM distribution. In their analysis, they assumed that the mass-to-light ratio was 1 in the R band 15 . We repeated their analysis as follows. We used the gas fraction, total SAM, obtained by them, and estimated the mass of each galaxy from their V vir , assuming like them that the density profile was a NFW one 16 . Then, by means of the model in Sect. 2, similarly to DP12a, we "simulated" each galaxy. Then, similarly to VBS we obtained the spin parameter distribution, and the j distribution. Improved results could be obtained using the VBS rotation curve data, and use a Burkert profile for the DM halo.
Like them, we calculated the cumulative AMD, m(j) = M disc (r)/M disc (r max ), we got through Eq. (3.3) j tot , and then the spin parameter. Finally, we obtained the p(t) of the AMDs.
The results are reported in Fig. 3 , and Fig. 4 . In Fig. 3 , we plotted the λ ′ distribution. The solid line represents the results of Bullock et al. (2000) for the DM spin parameter distribution, while the dashed curve, the spin parameter distribution for the baryons in the 14 VBS galaxies obtained by Maller & Dekel (2002) . The solid histogram is the spin distribution obtained from the 14 VBS galaxies (see Maller & Dekel 2002) , and the dashed histogram is the spin parameter distribution obtained from the 14 VBS galaxies, using the method of this paper.
The plot shows that the spin distribution of DM (solid line) is different from that of galaxies (solid histogram). The spin distribution obtained by Maller & Dekel (2002) (dotted 14 The mean is −0.6 and the standard deviation 0.4. For 90% of the haloes the value of µ is 1.06 < µ < 2.0 with µ = 1.25. 15 In any case, the results are not sensitive to this choice, since dwarfs are DM dominated. 16 For a NFW profile, the virial mass is given by Mv = In Fig. 4 , we plot the j profile for UGC 6446 obtained by VBS (Fig. 4b) , and the one calculated by us (Fig. 4a) . In the figure, the solid line is the Bullock et al. (2001) average DM j-profile (µ = 1.25), while the shaded area represent the p(t) of AMD for UCG 6446. The figure shows the angular-momentum profile mismatch. The dwarf angular momentum shows a deficit of angular momentum, at the high and low end of the distribution, with respect to the DM distribution. In models like that of Maller & Dekel (2002) or simulations like that of Governato et al. (2010) , the low-j tail in the distribution is missing because feedback (blowout) selectively removes gas from small satellites, giving rise to the material of the halo having low-j.
In our model, the reduction of DM density in the inner part of haloes (previously described) and the change of the angular momentum distribution, is due to the following reasons.
Already more than a decade ago, semi-analytic models of galaxy and disc formation of isolated halos predicted the correct size of discs and of disc galaxy formation (e.g., Mo Vice versa, only recently it was understood that a necessary condition to form realistic galaxies and discs in simulations is to have high spatial and mass resolution (Mayer, Governato, & Kaufmann 2008; Governato et al. 2010 ). This avoid "spurious" dissipation of angular momentum that can be produced by the interaction of particles having noteworthy tempera- ture difference or by artificial viscosity. Moreover, during merging angular momentum is lost through DF. As before reported, the previous problem can be solved if the thermal energy of baryons is enough to resist collapse, changing the merging hierarchy dictated by dark matter, and forming a smoother distribution. If gas is not clumpy, but has a smooth distribution, this reduces the angular momentum loss caused by DF.
In our semi-analytic model, structure formation undergoes quescient accretion, and minor mergers, differently from simulations in which structures are obtained as a result of major mergers of sub-haloes. The existence of many spiral galaxies with thin disks somehow supports the previous quiescent formation mechanism. Moreover, Dekel et al. (2009) , argued that disc galaxies, at high z, are not formed through galactic mergers, but by smooth accretion flows. Consequently, the angular momentum loss to which simulations are exposed, is not present.
This can be shown, as already done in DP09, and Williams et al. (2004), as follows. In Fig. 5 the dot-dashed line is the specific angular momentum distribution of the halo n. Fig. 5 . This last histogram is closer to the typical halos coming out from numerical simulations than the histogram relative to our halo. Moreover, the histogram of the SAM of the halo reproducing the NFW profile (solid histogram) is more centrally concentrated than the SAM of the halo of the initial halo (dashed histogram). Fig. 5 suggests that halos in simulations loose angular momentum between 0.1r vir and 1r vir , when compared to the halos obtained in our model, or in semianalytic models (see Williams et al. 2004 ), in agreement with the "angular momentum catastrophe"
Similarly to what happened with the semi-analytic model previously cited (e.g., Mo, Mao, & White 1998), halos and galaxies forming in our model are closer to real halos and galaxies than those generated in simulations, at least closer that those generated in simulations of some years ago. As previously reported, recently, increasing the simulations resolution and properly using feedback, simulations are able to form realist galaxies (e.g., Mayer, Governato, & Kaufmann 2008; Governato etl a. 2010).
Another important issue in the solution of the "angular momentum catastrophe" in our model is the fact that angular momentum is mainly lost from the smaller baryonic clumps. As reported in Sec. 3.1, the "ordered" angular momentum, h, acquired by an halo is anticorrelated with the peak height ν, and consequently smaller haloes acquire larger angular momentum. Similarly, the "random" angular momentum j is anticorrelated with ν (see Eq. C13, and Fig. 8 in DP09) . Consequently, smaller baryonic clumps inside the halo have larger angular momentum ("random" angular momentum) than larger clumps. In the virialization process, these clumps loose more angular momentum than larger clumps, explaining why the low tail in the AMD is missing in Fig. 4 .
The Too Big to Fail and the Missing Satellites problems
The other small scale problem of the ΛCDM model is the MSP, concerning the incorrect prediction of simulations of the subhaloes distribution in structures or satellites in our MW. The TBTF problem is a peculiar feature of the MSP, which showed that subhalos in a DMonly simulation have significantly higher central densities than inferred from observations of the Milky Way's classical dwarf spheroidal satellites. In the following, we will partly follow their steps to obtain the corrected circular velocities and distribution of VL2 satellites in the framework described in Sect. 2.
In summary the method is based on the following ideas and is divided into two main phases.
Initially the attention is directed to the isolated satellites, before accretion to the main system. As noticed by several authors (e.g., Mashchenko et al 2006 Mashchenko et al , 2008 Peñarrubia et al. 2010 ) the effects of the tidal forces of the main halo on a satellite depends fundamentally on its shape. If the satellite has a cuspy profile, its structure will not suffer big changes, when it will enter the main halo. If the satellite has a cored profile, the tidal field of the main halo can strip easily its gas and in some cases even destroy it (Peñarrubia et al. 2010 ). So, this first phase, defining the shape of the satellite is of fundamental importance. This first phase and the flattening of the satellites density profiles will be studied through our model.
Then comes the second phase, when the satellite is no longer considered isolated, it is subject to the tidal field of the main halo, and finally it is accreted to the main halo (see the following).
Our result for the flattening of the density profile (first phase), is expressed in terms of the change to circular velocity in 1 kpc, as in Z12, and is given by ∆(v 1kpc ) = 0.3v infall − 0.2km/s (3.11) in the 20km/s < v infall < 50km/s interval. We want to stress again that the previous correction is determined for the Z12 satellites, and this correction will be applied to VL2, together with the other corrections discussed in the following. The correction that we obtained is close to that obtained by Z12, accounting mainly for the reduction of the subhaloes central mass produced by SF, and given by
The last equation gives the difference between DM and SPH runs, and then the corrections to apply to satellites in N-body simulations that take account of the missing piece of baryonic physics.
In the case of a v inf all = 30km/s, the Z12 correction gives ∆(v 1kpc ) = 5.74, while our correction gives ∆(v 1kpc ) = 8.8. The difference between the ∆(v 1kpc ) of our model and that of Z12 is due to the different models used to produce the pre-infall flattening of the satellites density profile. The difference among our model and that used in Z12 is the model used to calculate the pre-infall flattening. In Z12 the pre-infall flattening is due to SF, and in our case is connected to dynamical friction. As shown by Cole et al. (2011) , DF on infalling clumps is a very efficient mechanism in flattening the DM profile. A clump having a mass of 1% of the halo mass can give rise to a core from a cuspy profile removing two times its mass from the inner part of the halo. In the case of the SF the mechanism should be less effective going down to lower masses (e.g., dwarfs with stellar mass < 10 5 − 10 7 M ⊙ have few stars and supernovae explosions are as a consequence less present).
As reported by B13, the baryonic corrections taken into account by the Z12 correction, and consequently ours, reduces the number of massive satellites that are expected in dissipationless N-body simulations, but we are also interested in seeing if the baryonic corrections also reduce the number of luminous satellites, and for this other corrections are needed.
Our correction (Eq. 3.11), similarly to the Z12 correction applies to satellites that survived at z = 0, and that had the central V c reduced by baryonic physics. Before z = 0 satellites could have been destroyed (by e.g. stripping or photo-heating) (see the following). In N-body simulations, like the VL2, baryons effects are not taken into account, and then satellites that in the real universe or in SPH simulations may be totally destroyed by enhanced tidal stripping (due to disks and cores) and SF, will not be destroyed in the VL2. Since our correction and Z12 correction applies to satellites that survived to z=0, not those that were previously destroyed, we need two other corrections (tidal stripping, and suppression of star formation) as done by B13, to calculate the survived satellites and then apply the Z12 correction.
Here starts the second phase always mentioned, considering the effects of the interaction between the main halo and the satellite.
In order to take account of tidal stripping, and tidal heating after infall, to get accurate V max values, we could follow the Taylor & Babul (2001) model (see the following), which takes into account the effect of tidal mass loss, and tidal heating in an analytical manner. However, this will be done in a future paper, and here we estimate the effect of stripping after infall, adding two corrections as done in B13.
The first of the two corrections is the suppression of star formation by photo-heating, obtained following the Okamoto et al. (2008) results. The last one is the destruction rates by stripping of satellites, obtained following Peñarrubia et al. (2010) .
We will use Eq. 8 from Peñarrubia et al. (2010) , for subhaloes with density slope of dark matter γ, to calculate Similarly to B13, a) the population of satellites that looses more than 97% of their infall mass, and b) all subhalos losing more than 90% of their infall mass, having also apocentric passages < 20kpc and v inf all > 30km/s, are considered destroyed. Then the subhaloes that remain dark because they are affected by UV heating, and do not form stars, are calculated using the Okamoto et and then using a relation between M * and the visual magnitude 
The result of the previously corrections are plotted in Fig. 6 . The top panel of this figure represents the results from VL2 at z = 0. The bottom panel represents the same satellites after the previous discussed corrections (heating, destruction, and velocity corrections) were applied. The red filled symbols are the object "observable" in VL2. Dark objects are marked by empty circles. Objects marked with a circle and a "x" through them, represent subhaloes that do not survive to the baryonic effects (e.g., baryonic disc, etc). Empty circles have a mass smaller than the minimum to retain baryon and form stars. Finally, filled black circles are satellites that lose 90% of their mass since infall, but do not satisfy the destruction criteria previously described.
Note that the Z12 correction was not applied to satellites with v max > 50km/s (for example to the satellites with M V < −16, that are the 5 most massive satellites at infall, and are the five that had v max > 50km/s).
The number of satellites with v 1kpc > 20 km/s is, similarly to B13, equal to 3. Differently from B13, our central velocities are smaller (the correction to the circular velocity, ∆(v 1kpc ), to subtract to the circular velocity itself, V c , is larger in our model with respect to Z12, and B13). Also in our case some satellites are "overcorrected", namely their velocities are negative.
The reason for the quoted overcorrection is similar to that described in B13. The halos whose velocity is overcorrected, is a halo population that after infall lost a great part of their mass and so, at z = 0, the circular velocity in 1 kpc, v 1kpc , is very low, giving rise to the quoted overcorrection. After infall, the quoted population lost more than 99.9% of their mass, and moreover their tidal radius is < 1 kpc. The population can be considered a population of destroyed subhaloes.
As in B13, UV heating, and tidal destruction are necessary to reconcile the total number of luminous satellites with observations, while the Z12 correction is necessary to reconcile the masses of the subhaloes with observations.
In the present section, we considered the evolution of satellites before infall, and calculated the flattening of the density profile using our model (not the SF flattening effect), and added to this the further flattening (or reduction of the central rotation velocity) produced by the interaction with the main halo. This last step was based on the calculation of the flattening, after infall, shown in B13. In a forthcoming paper, we will improve the model as follows. We calculate again the profile flattening of satellites before infall as done in this paper, but then we will use a model, like that of Taylor & Babul (2001) able to follow the merger history and growth of the satellites while interacting with the main halo, tracking the substructure evolution in the main halo (Del Popolo & Gambera 1997), taking account of the mass loss due to tides, and tidal heating. In this way, we have enough information to conclude if they are massive enough to retain baryons and form stars.
Since our model is not so computationally "heavy" as SPH simulations, we could study the MSP problem in different galaxies, since it is not enough to solve the problem in a single galaxy to conclude that the problem is solved in galaxies different from ours. In any case, the main point of our study, even if some points of the previous results need to be improved, is that baryonic physics is able to solve simultaneously the small scale problems of the ΛCDM model: cusp/core problem, angular momentum catastrophe, MSP, and TBTF problem. effect producing the flattening of the cusp, and the TBTF solution is connected to the effects of SF, following episodic bursts of supernovae.
In our model, the solution to the previous quoted problems is connected to the complex interaction between DM and baryons mediated by DF. Our study is similar to those of ElZant et al. Cole et al. (2011) , in the sense that like them in our study DF plays an important role. However, differently from the previous studies, we consider the joint effect of several other effects (e.g., random angular momentum, angular momentum generated by tidal torques, adiabatic contraction, cooling, star formation), that in the quoted studies were not considered.
Before concluding this section, we want to recall that recently Ferrero et al. (2012) showed that the field dwarf galaxies have a similar behavior as the satellites. In order to reconcile the fact that the galaxy stellar mass function is less steep than that of dark matter halos, it is necessary to assume that the efficiency of galaxy formation decreases in a sharp fashion with decreasing halo mass. This implies that there should be a clear evidence that dwarfs having noteworthy differences in stellar mass are hosted in haloes spanning a narrow range in mass. This is not observed in their study, and moreover a large part of the galaxies by them studied have much less dark mass enclosed in the dwarf. One of the possibility to solve the "puzzle" is that baryonic physics, like the blow-outs produced by SF, previously discussed. However, especially in the smallest systems this solution seems very unappealing, since it is difficult to explain how baryons in a galaxy with stellar mass similar to that of globular clusters can change the inner structure of a 10 10 M ⊙ halo.
This objection moved from Ferrero et al. (2012) to the SF model, was already discussed in Sec. 3.3 of this paper. In that section, we reported that one has to expect that the SF mechanism becomes less effective in smaller galaxies, since in dwarfs having stellar mass < 10 5 − 10 7 M ⊙ a supernova explosion is less probable than in a larger galaxy having a larger stellar mass.
The problem envisioned by Ferrero et al. (2012) for the SF mechanism is less important in our model since the dark matter mass reduction process obtained through our model is more efficient than that connected to SF. As reported in Sec. 3.3, clumps of 1% of the halo mass can remove two times their mass, flattening cuspy profiles.
Conclusions
In the present paper, we studied the small scale problems of the ΛCDM by means of the model presented in DP09 (see also DP12a, b) following the proto-structure evolution with a semi-analytical model taking into account the effect of adiabatic contraction, dynamical friction and the exchange of angular momentum between baryons and DM, ordered and random angular momentum.
The model had already shown in DP09, DP12a,b, that the angular momentum got by the system through tidal torques and random velocities (random angular momentum), can be transferred in part to the DM from baryonic clumps of 1% the mass of the halo through DF action. This produces a flattening of the cusp in agreement with previous studies based on DF Fig. 1 , the ratio among the maximum "excavated" mass to the mass of the clump increases with decreasing clump mass. While a clump of 1% of that of the halo can excavate ≃ 2 times its own mass, a clump with mass 0.001% of that of the halo can excavate till ≃ 5 times its own mass depending on the central density slope and the structure scale radius (see Eq. 11 of Cole et al. 2011 ).
Another assumption, used in the paper is that haloes form primarily through quiescent accretion, in agreement with the prescriptions of spherical collapse model. As previously discussed the existence of thin bulgeless disks support the previous idea, but at the same time we know that the role of mergers, in general, is important in the overall formation of structures.
We want to stress that our results are strictly depending on the previous two ad hoc assumptions.
The MSP and TBTF problem were discussed in the same framework as follows. We studied through our model how baryons influence the inner density profile (or the inner circular velocity, v 1kpc ) before infall in the host halo. Then, we added the changes to v 1kpc after infall, produced by tidal stripping, and UV heating. We applied these corrections to the VL2 satellites, obtaining the result that their mass and number is reconciled with observations.
We also compared the distribution of spin, and the angular momentum distribution, obtained from our model, to those obtained for 14 dwarfs by VBS finding that the DM and baryons distribution is different and we did not observe the lost of angular momentum typical of many past SPH simulations.
